The indentation problem of rigid punch with curvilinear base on elastic half-space is solved by variational method. The method is based on Betti theorem and on condition of absence of stress singularity at the edge of contact spot. Variation condition of absence of stress singularity at the edge of contact spot gives the equations connecting the displacement and the size and the shape of the contact spot and gives the expression for contact stress under curvilinear base of punch. The case of elliptical contact spot is considered.
INTRODUCTION
Contact mechanics consist of two groups of problems with fixed area of contact and with unknown area of contact. Solving former group of problems is based on the mixed boundary problem [1] . For the unknown area of contact the variation approach is very perspective [2] .
The simplest case is single simple connected contact spot that growth with the increase of loading. In such a case a contact problem reduces to the mixed boundary problem, with an additional Boussinesq condition, that along the contour of the spot the contact stress equals to zero. In opposite case on the sharp edge of spot contact singular stress arises. This allows formulating a condition on unknown area of contact [2] , that presented here in the some simplified form.
RELATION BETWEEN AREA OF CONTACT AND DISPLACEMENT OF PUNCH
Coming from [3] , the change in complementary potential energy of the elastic body with variation of contact area at the fixed displacements can be written as :
where K I is the stress intensity factor along the edge of the spot, R r δ is the displacement vector of points at the edge of contact area, n r is the normal vector to the contour of the edge. Then the Boussinesq's condition becomes:
We will consider pressure of rigid infinite non-planar punch on elastic half-space. Let basis of stamp ) (r f r be sufficiently smooth and axisymmetrical, and load Р is applied in the center of the punch, and we have a single simply connected contact spot. Then, displacement δ in a center of punch is connected with the load Р by equations [1] :
where
r is the contact stress., S is the unknown area of contact. We will consider an auxiliary problem for indentation of punch with a flat basis and sharp edge and the same area of contact as our the unknown S. The contact stress under this flat punch satisfies equation:
Then we enter the denotations
Here с is the contact stiffness, is the stress under a punch that have a unit displacement. We can consider that the solutions of such simpler problems are known, i.e. 
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For these two cases we will write down the Betti theorem:
Here p (1) is unknown stress of basic problem , w ) (
Then it is possible, as was made by Mossakovsky in [4] , to get relation between the load Р and displacement in the center of punch:
We will consider the simplified case, when the area of contact is described by a size parameter a and n dimensionless parameters α i , i= 1...n. Then on the basis of Eq. (2) we get a system of equations on area of contact:
Using expression (7) for P, the system (8) takes the form:
(9)
INTEGRAL PRESENTATION OF CONTACT STRESS
Let with the growth of contact spot the boundary stress and displacement change, i.e.
As a body remains linear-elastic and the singularity along of the edge of the growing spot does not appear then
Uniting Eqs. (7) and (10 ) we get functional equation:
Since this equation is valid for the arbitrary values of
, then . If here we could enter such a size parameter , for which the Р and δ would be continuous functions, then we could write:
Then the contact stress can be represented by:
Consequently, if it is possible to describe a size and shape of variable contact spot by the finite set of parameters, then the system of Eqs. (7), (9), (12), represents the solution of contact problem with non-planar basis through the corresponding solutions for flat basis.
In appendix this approach for elliptic contact spot is illustrated.
APPENDIX
To get solution for punch with the shape of the base , A≤B, we put in Eqs. 
Here ; K(e), E(e) are elliptical integral of first and second kind, respectively. 
Obtained using this approach formulas (14) and (15) coincide with the Hertz solution [5] .
